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Te relationi between radiatlon-induced vomniting And gastric emptyinig Is unclear and the
* treatment of this conditionl Is not established. We explored, therefore, (a) the effect of

* .. cobalt-60 irradiation on gas~ric emiityiig of solids and liquids and (b) the possibility of
preentng aditio-inuce voithg wththe dopamine antagonist, domperidone.

Twenty dogs were studied on two separate days, blindly and in randomn order, after Lv.
injection of either a placebo or 0.06 mg/kg dom~peridone. On a third day, they received 8
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Gy (800 rads) whole-body irradiation with cobalt 60 ).-rays after either placebo (n = 10)
or domperidone (n = 10). Before each study, each dog was fed chicken liver tagied in
vivo with 9 9 mTc-sulfur colloid (solid marker), and water containing I n-
diethylenetriamine pentaacetic acid (liquid marker). Dogs were placed in a Pavlov stand
for the subsequent 3 h and radionuclide imaging was performed at 10-min intervals.

% Irradiation produced vomiting in 9 of 10 dogs given placebo but only in 1 of tO dogs
pretreated with domperidone (p < 0.01). Gastric emptying of liquids and solids was
significantly suppressed by irradiation (p < 0.01) after both placebo and dormperidone.
These results demonstrate that radiation-induced vomiting is accompanied by suppression
of gastric emptying. Furthermore, domperidone prevents vomiting produced by ionizing
radiation but does not alter the accompanying delay of gastric emptying. "
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Altered Gastric Emptying and Prevention
of Radiation-Induced Vomiting in Dogs

ANDRE DUBOIS, JOHN P. JACOBUS, MICHAEL P. GRISSOM,
ROBERT R. ENG, and JAMES J. CONKLIN
Digestive Diseases Division, Department of Medicine, Uniformed Services University of the
Health Sciences, and Nuclear Sciences Division, Armed Forces Radiobiology Research Institute,
Bethesda, Maryland

The relation between radiation-induced vomiting ionizing radiation but does not alter the accompany-
and gastric emptying is unclear and the treatment of ing delay of gastric emptying.
this condition is not established. We explored, there- -

fore, (a) the effect of cobalt 60 irradiation on gastric Exposure to high levels of ionizing radiation pro-
emptying of solids and liquids and (b) the possibility duces a constellation of signs and symptoms that

*of preventing radiation-induced vomiting with the characterize radiation sickness (1). These symptoms
dopaimine antagonist, domperidone. Twenty dogs occur after latency periods that vary with the system
were studied on two separate days, blindly and in involved and the dose received. If the dose is suffi-
random order, after i-v. injection of either a placebo ciently high, a hematopoietic syndrome wvill develop
or 0.06 mg/kg domperidone. On a third day, they after a few days. and ran be either temporary or
received 8 Gy (800 ruds) whole body irradiation with permanent. If the dose is even higher, a major
cobalt 60 y-rays after either placebo (n =10) or gastrointestinal syndrome wili appear after 6-10
domperidone (n =10). Before each study. each (log days, characterized by diarrhea and melona. This
was fed chicken liver tagged in vivo with .... .'Tt:. acute and subacute syndrome is clearly different
sulfur colloid (solid marker). and waiter containing from the long-term effects of irradiation, which will

1) Indithlentramnepentaucetic acid (liquid not be discussed in the present paper.
markerDg eepae naPvo tn o h During the first hours after exposure to ionizing

subsequent 3 11 and rodioniclide imaging was per- radiation and before any of these life-threatening
* .. formed (it 10-mitt intervals. Irradiation produced symptoms do appear. a prodroinal syndrome chitrac-

vomiting in 9 of 10 dlog$ givenl placebo but only in I terized by nausea and vomiting is common10ily oh-
of 10 dog$ pt'etrtolted wvith domperidone (p) < 0.01). served. These symptoms can occur after total body
Gastric emptying of liquids and solids was signifi- exposures of 1 Gy (100 rads) or more. and usually '

* (antl% suippresed by irradiation (p) < 0.01) after disappear after a few hours (2). Tho Jpathop)lysiology
both placebo and doiperidone. Thlese resuilts dem- of this syndromne as well ats the concurrent motor .,

onstra te that raidiation-mid aced vomniting is acomn- activity of tihe stomach are largely unknown.
panied by suppression of gastric: emptying. Further- Inl the present Mtdis. we examined the correla-

* imore. dounporilone prevents vomiting produced by tion between gastric f lcion and vuiiting afte
irradiation by studying three different aspects of the

HecelvsIl~-- --ri- pr11:.A:ope etmbr~ wdronal syndroine in dogs. First, wet evaluated the
~:' fu r~irlu.~ o: AdreI~uulsM.D. ~ possibility of producing Vomiting after total body'

Jones lBridget Road. li0estims tryhund '2t0114. determined the effect of total bodyI irradiation onl the
The milhur Illank Dr. F, Vii'ras for advico iold 'Cupport. ''l'ity rate of gastric empty~ing of solid and liquid food.

*a'" -an Dr. 1. ni unit Sa ir,.. NI Moton. lnswi It & I) hIn... Filillv. wet examinled the effect of an antliemetc
Now lersety. fur their geneirous Supply of Ciott porle idIlte aen .dmiridone. onrdainicod vomitin

*~~~~o bo:rs. lunda Iwanyl, fur osptwrt socypt4rlia asgistance: Mr. E. gnoprdn.o adainIdcdvmtn
Biarron, Mr. hi. Filvitt. Mr. 1. Warronflot, and Mr. NI. Flem1ing for and on gastrit: eniptying.

% suport Int Allittiat hanIdling anid raiolrouetl'lprplaritiloll
ft . . cand tidininkim~ilon; Mr. NIi. cotrral (or tt istanco in datad atciplisi. -... .... -.---.

tloll and analysts: 41111 'Mr, W. lackso toldt Mr, f.M Frmter for ,Aiirt'intions used il ltis pa per: Cr... :hetnoreceptur tri"er .

btistcit~s ui and cuan1putor hupport rvictts. 4 it;at Ht, regions tit ilerest . v tutitlig contor.*' * .

A



* . . . . . . . . . . ." . . . . . .. ... . ". . . ..

March 1984 GASTRIC EMPTYING. VOMITING, AND RADIATION 445

Materials and Methods Preliminary in vitro and in vivo studies demonstrated that
approximately 40% of the 'In counts spilled into the Tc

The design of the study was as follows. On three window. Therefore, 40% of the In counts were subtracted 0
separate days and after an overnight fast, 20 male beagle from the Tc counts in each ROI A decay correction was
dogs weighing 10-13 kg were given, and ate avidly, a then applied to each isotope for each ROI. The geometric
mixed solid-liquid meal consisting of 500 g of canned meat means of the corrected '99Tc and "'In counts were then
to which were added (a) 10 g of raw chicken liver labeled calculated for the gastric and intestinal regions of interest
in vivo with 37 MBq (1.0 mCi) "I"Tc-sulfur colloid (3) and in the right and left images. These mean counts for
(b) 50 ml of tap water containing 37 MBq (1.0 mCi) of "'In- stomach and intestine were then added and the percentage
diethylenetriamine pentaacetic acid (DTPA). Immediately of the total counts of """'Tc and ...In present in the
thereafter, the dogs were placed in a Pavlov stand, and stomach was calculated at each 10-min interval. The
received an intravenous injection of either placebo or gastric fractional emptying rate, which is the slope of the

.. domperidone (0.6 mg/kg) given blindly and in random exponential decline of the intragastric contents of each
order. The dogs were then placed in front of a small field of isotope, was then determined for each animal. In each "
view y-camera (12-in. diameter) with a medium energy group, mean values for these fractionsI emptying rates
collimator, which was interfaced with a PDP (programia- (-SEM) were calculated. The statistical significance of

*ble data processor) 11/45 computer. Two 1-mmii static difrne ewe ruswsdtrie sn ~and
images covering the dog's entire abdomen were acquired paired t-tests.
successively for both the left and right sides, 45 min after
the start of the meal, which was taken as time zero.

On the 2 days of the baseline studies, each animal was Results
* then brought to the exposure room after receiving either

domperidone or placebo, but no radiation was given (sham duriny tieable abnomperior, d- .
irradiation). Thus, during the first baseline study. 10 (logs not produce any noticeable abnormal behavior, te-
received placebo and 10 dogs received domperidone. tor deficit, or coordination problems. Similarly,
During the second baseline study, the 10 dogs that hid domperidone did not significantly modify gastric
received placebo received domperidone and vice versa, emptying of liquids (Figure 1) or solids.
On the day of the irradiation study', total body irradiation In contrast, irradiation produced vomiting in 9 of
was administered 1o-20 min after the initravenous injec. 10 dogs as well as a significant (p < 0.01) delay in
tion of either domperidone or placebo Two sots of sources the gastric emptying of liquids after administration

animal, producing a (lose rate of Cy (1100 rads) per emptying of solids was significantly (p < 0.01)

miinute in air. l~oslmetry and phanitomn studies demlonstrat-,,,mt h ar Dos oftry C l ws r sciv nte dtuline, suppressed after radiation (Figure 41. This delay in" d that t ldose of It G; wits rece:ived in the inidlitl °

abdomen, whereas the idlne brain was expolsed to 6i (' 0tnltyiilg was is promiiont it the irradilated aniial

(6t0i rlds). This design allows evalution if (ai) the effoct of Who did not vomit its it was in those who did.
dompri donit during the baselinue tl in all 20 aillials Whim an injtiion of domperidono wits given
an11d (hi tihe effect of irradiation in the preseicit or dibstn(c:t before radiation exposure. Vomiting was observed in
of dotlridonte. only 1I of 10( dogs (p) 0,01 , but gastric eiptying of

After returnitng from the exposure rooml within 10 mtit of both liquids and solids was still signifianitlv de-
ither the shtn or the actutl irradhition. the aiiils wvre hieyed in ill anillials (Figures 3 and 4).
agalil placttl In front if the '.CAMril 1n11d rtdionuclide S
Wiging w.is prforied tit 10 -min intervals for it period of
:. I. 'lhe a eills wette hiken lia: k to thir ciges and Discussion
were closelv observed dluring the subseoqut l 1 Ii. m hu"s.
the dogs wetre wtitched for t total o h liy fl;iiot rmital eTso data dilitonstrath that total hody Ira-

b" thavior or vomilting wits re:orded. Voilling% is defined dpithil with coblt til y-rits produces vinesis in
i " |its tilt? , osl l i 11, v\idl i ll i t(. i rmI ilt tlvo in1titl ill fro mll 90%l , l o g"; VX P O 'istd to it G yv T h ese rosu lts art! 0
' - lt ie iiou lh If voililitig w its ob vtii s .r 't itllliginil w its cf!oi , io n sisten ti w ith th os e! iof ( lCo p er anld K llts,o nl (4 )i,, . .. ,

illid, hiot the atimlis coliuntid tIo he obsfervel fot the who showed thatl the 1'), for voiitnng wias 1.7 Gy.

USUil dirittion of the expertimintsi. l'hl,1 oxlct nechanism by which irradiation producets
The limages stored on disk were sibstiqu.ntlv inalve\1d this effoct is unknown. 'In lunslillS, volliting m1 be1 . "

by defilig regiois of interest {t1)1 i:orresponding to the ilnduced by irradialtion of variou, parts of the body.
slomaicih and intestines l ideo screen. The atillmiunl of although the effct is greator after exposurv of the
rid licivIty In valh R1)1 wts clctiulited using a il)l' 11:45 .., h
comiputer. Dturing tho acquisitionll of images. we lusotd peAk upper hlf o the body than titer exposurl'of the
',nergies of 1.0 k,,' for ""'Tc aund ,l 2.17 kV for li,. We lower half (5). Similarlv, in rats, irradiation-inductd

Verified that using i 204t, winlow with these peliks pr- allorexia is illost prolilieill after exposure, of the
veillted iny overllp lof '"l'c Into tle ... Ill widow; how- itlslils, whlteas irradiation of the head or limbs is
ever, the low onirgy iealk of it'"hI (171 WV) anu its less eff ctive (i). Notllehlhss, radiation iay still
Comnptoin scatter into the Tc whidow retlultir.t correctioni. elicit voilliuing after comlnptle excision of the slol-

• -, ... ............. ,...~~~~. ...•..-. .......... "..... ..... .... ....... . -.. ...... '._...... .. ,•.'..'..'.-......' .
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40 50 100 150 020 Figure 3. Effect of irradiation (iCo) and domperidone. alone or
* TME(MN)in combination, on the fractional emptying rate for

liquids. **p < 0.01 compared with corresponding
Figure 1. Effect of domperidune on emptying of liquids during baseline study.

baseline studies. Values are means ±I SEM.

no study was done on day 1 (14). The mechanism of
ach, small intestine, and colon (7). Radiation-in- this effect is unclear. Vomiting produced by apomor-
duced vomiting is prevented by the surgical resec- phine or other stimuli is preceded by slowing of the
tion or thermal coagulation of an area of the medulla pacesetter potentials (slow waves), suppression of
located immediately under the floor of the fourth the spiking activity (15), and relaxation of the store-'

* .. ventricle, the chemoreceptor trigger zone (CTZ) (8.9). ach, the latter being abolished by vagotomy (16,17). ~
In contrast, shielding of the CTZ does not prevent Apomorphine-iniduced vomiting is also preceded by
vomiting (10). Based on these observations, it is initial suppression of the electrical activity of the

*possible that ionizing radiations stimulate the GTZ duodenum, followed by bursts of antiperistaltic ac-
indirectly, either through the activation of the Pv- tivity (18,19). These effects produce gastric relax-
ripheral end of afferent nerves or through the release ation, increased intraduodenal pressures (20), atnd,
of one or several humoral factors. By analogy with consequently, a delny of gastric emptying. These

*vomniting prodluced by apotnorphine and certain car. changes in gastrointestinal activity after apomnor-
diac glycosides, the G1I7 would then send impulses phine administration are likely to be induced by .

to the vomiting center IYW). which is located in the central ineclianisins involving the central vagal nue-
lateral reticular formation. The VG would then initi- cloi. which are lin the immendiate vicinity of the CTZ
ate the complex mnotor events characterizing retching and VC, It is possible, therefore, that stimulation of
and votniting. afferent nerves or the release of liunorh, atosta

Th'le present results also demionstrate that gastric cause radliation-induced vomtiting are also responsi-
emptying of liquids and solids is supprue.sd within ble for the activation of the vagal nuclei or other
2 Ih (if exposure to ionizing radiation. Such at sup-) central nervous system centers. lIn turn. these centers
prossiolt of emptying after irradiation had beven pre- would delay gastric emptying either through the

*vlouslv reported only in rodunts. at species that does stimulation of thle inh11ltory' fibers of the vagus
not vomtilt (1 h-I3), In' the dog. gastric emptying wats nerve (16) or through the rele'ase of hutnoral agents.
found to bet normnal 2 and 3 dlays after irradiation, but Our studies demnonlstrate0 that donipperidone cloes

* ~~~not prevent the rdai-nucdsuppression of

0 £AAIATM

* ~ ~ ~ 0.3 IINSU

4ACTIONAL

EPhO0.2

a4 50 14 IS o 150 -
* TIME (MIN)Figture 4 Fif.to of Irraidi oti rco( ti1 tu i oiieridoiv.ilont. tir

TIME (MIIn iothll tutiOn,. on1 tht fmu:~i ton m zpilini rate' fr
Fi gurts 2, I-IMv:t cvt lrrmniatton on tpiving of liquhL%. Viluiss itre solids. p 0.01 c:onvaed with~ tcorreponinig tiiist'.

fttut I SlMl l11it Study,
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gastric emptying. In contrast, domperidone was 4. Cooper JR. Mattsson JIL. Control of radiation-induced emesis
show tosuppess[hedela ofgasric mpting with promethazine. cimetidine, thiethylperazine. or nalox-

induced by apomnorphine (21) or dopamine (22), as on.A e e 17:015-1
5Salazar DM, Rubin P. Keller B. Scarantino C. Systemic (half-

well as to improve gastroduodenal coordination in body) radiation therapy: response and toxicity. Int I Radiat
the isolated perfused guinea pig and rat stom- Oncol Biol Phys 1978;4:937-50.
ach (23,24). Our observation, therefore, indicates 6. Smith DE, Tyree EB. Influence of x-irradiation upon body
that the dopamninergic receptors of the CTZ or of the weight and food consumption of the rat. Am I Physiol
stomach are not involved in the radiation-induced 1954;177:251-60.

7. Bowers JZ, French AB, Borison HL Effects of ionizing radia-
delay of gastric emptying. In addition, since the tion on subhuman primates with particular attention to the

- -. radiation-induced delay of gastric emptying was not gastrointestinal tract and the central nervous system. Progres-
improved when vomiting was suppressed by dom- sive report on research grant B-443. College of Medicine.
peridone. it appears that the two symptoms are University of Utah Report. February 1954. quoted by Con-

. .. .. .. .independent of each other. Alternatively, the dopa- ~*ard (2).
minerecptos ivoled n th tw p~nomnon 8.Chinn HI, Wang SC. Locus of emetic action following irradia-
minerecptos inolvd i th twopheomeons tion. Proc Soc Exp Biol Med 1954:85:472-7.

*may have a different sensitivity threshold. 9. Brizzee KR. Effect of localized brain stem lesions and supra-
In the present studies, preirradiation administra- diaphiragimatic vagotomy on x-i-radiation cinesis in the moo-

tion of domperidone was found to effectively pre- ky mIPyil15:8:6-0
vent the vomiting caused by ionizing radiation. This 10. Smith. Kline. and Fronch Laboratories. Brochure, November

1953. Quoted by Chinn aind Wang (8).*effect is similar to that produced by resection of the 1.SihW .Akemn B mt .Bd egt atn n
CTZ (8) and is compatible with a direct effect of the forced feeding after whole body x-irradiation. Am I Physiol

S.drug on that area of the brain. Indeed, domperidone 1952;168::132-90.
has been shown to bind with cerebral dopaminergic 12. Goriard RA. Effect uf x-irradiation onl weight and contents- of
receptors. When given intravenously or orally, how- rat stomiach, small and large intestine. Proc Soc Exp Biol Mod
ever, its concentratiotns in the medulla. cerebellum, 13. Hus IA'V. G;astrit. emptving in rats after part-body irradiation,
and thalanmus are threefold those found in the stria. lilt I Radiat Hiol 1966;10:521-32.
tuin or cortex (25). IDomperidotle, therafore, could 14, Conard HA. Effect of gammia radiation o gastric emptying
act on the CTZ, but is relatively devoid of extrapyra- time !in the dog. I Appi Physlol 1956:9:234-t.
ilildal side effects such as the ones5 observed after 1,Mne I adciI adB lcrcla~ilvo h

kt~lministatiot of oher *stro. intestinal tract !n dtog during v'omit ing. In: Daniel FF.
adiisrtono ohrantidopatuiniergic a~gents, (~.Prce ing f the ll in1ternittional symlposium11 oil

such as haloperidol or inetocloprainide, In addition. gilstroinitestial mlotlilty Vantlcouvor. 04anadg: M'ich"ll Press.
contrary to IloUt'oleltic agents. it dIOes not mnodify the 19)73:479-117.
state of vigilance. Tihus, domperidone could he used 16 Abrahattsson Hf Ianissoti G. Niartinion 1. Vagil real~tln oif
to Prevent radittion-iidttced votiititig. Ot10 studyV the stotnach hIduced by itpotnrphlnet in thfe cat. Adta Physiol

*porfornied in humnits (26) hits" Suggested( that dom-1" 17. Litfohvre R A. Willems It., esrmn of gastric relimitionl
peid~otO wats indtted effective int dttcreatsinig nstalt inl thfe e~einoaimal; inifluetnte of[ dotoporidorie, Arch
and voiniting eticountered during radtiothelrapy. Lil- loit PharttiThter 19711:234142-3.

*.fort unfately, not double-biddsg a sd n 13. Wetishrot N. Chilstm 1. Eleciritial tivitytf th14 cat
this Shortcotming tily be Very impotant ill a silmi- doeu nfsigatlvmtn.Csratrlg 921:101)4-10.tion where psychoiogic factors are knowtn to ho very 19, Steiat 11. Iluriks T1', \eisbrodt NW\, Itestinal invoeletric

implortatnt. 'iTus. additiotnal studieis should ho per- 4ctivity after amwtivistlon of contrad oetiehic ntchatilsin Atl I
formed in Immantts using dotibie-Wlii administra- 1PhysZiol 1977:2:3:Et 3 .7.
t ion of dotoperidone) and othier atitinauseating agentsN .ltiigrI.No~ W Ieaolxo h isedn
or placebo. tidoodoim du t ng nauseit. Ati I Physmn 14: 1:6.1

211. 1Proitor It). Vratkln Ml., E Vtli \F VdisseruIaii Al. Effect of
dolliperidonet on 41 ptilitorpilt) rtarded Rastric: pralltiig. Ini:
Tlowst, i. pid. lrogrt'sN with dmprdn.a atoeiad9
titittlitit (i agnt: Royal Society of Medlici at Initernaitionill
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